TENT COOPERATION TRE 



EO/US 
PCT/US99/15897 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 
(PCT Rule 61.2) 


To: 

Assistant Comnnissioner for Patents 
United States Patent and Tradennark 
Office 
Box PCT 

Washington, D.C. 20231 
FTATS-UNIS D'AMERIOUE 

in its capacity as elected Office 


Date of mailing: 

05 October 2000 (05.10.00) 




International application No.: 

PCT/US99/15897 


Applicant's or agent's file reference: 
20568-63634 


International filing date: 

14 July 1999 (14.07.99) 


Priority date: 

25 March 1999 (25,03.99) 


Applicant: 

OREN, Yairetal 



1. The designated Office is hereby notified of its election made: 



X in the demand filed with the International preliminary Examining Authority on: 

27 June 2000 (27.06.00) 

I I in a notice effecting later election filed with the International Bureau on: 



2. The election [ X | was 

I I was not 

made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 





Authorized officer: 


The International Bureau of W\PO 


34, chemin des Colombettes 




121 1 Geneva 20, Switzerland 


J. Zahra 


Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41 -22) 338-83.33 



Form PCT 18 331 (July 1992) 



3549694 



Express Mall No.: EI.230047695DS 



ENT COOPERATION TRE 



From the INTERNATIONAL SEARCHING AUTHORITY 



To: RICHARD D. CONARD 
BARNES & THORNBURG 
1 1 SOUTH MERIDIAN STREET 
IINDIANAPOLIS IN 46204 



Si 



OCT 2 6 W99 



PCX 



NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL SEARCH REPORT 
OR THE DECLARATION 

(PCT Rule 44.1) 



Date of Mailing 
(day/ month /jear) 



2 2, OCT 1999 



.ppli(^t* 
^6S-6j3634 



or agent's file reference 



FOR FURTHER ACTION See paragraphs 1 and 4 below 



lijitefttiapl application No. 



CO 



I^P^/lj^/ 15897 



International filing date 
(day J month /year) 

14 JULY 1999 



Applicant 

CHROMATIS NETWORKS, INC. 



The applicant is hereby notified that the iniemational search report has been established and is transmitted herewith. 
Filing of amendments and statement under Article 19: 

The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46): 

When? The time limit for filing such amendments is normally 2 months from the date of transmitul of the 
international search report; however, for more details, see the notes on the accompanying sheet. 

Where? Directly to the International Bureau of WIPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 
Facsimile No.: (41-22) 740.14,35 

For more detailed instructions, see the notes on the accompanying sheet. 

2. 1 I The applicant is hereby notified that no international search report will be established and that the declaration under 
» — I Article 17(2)(a) to that effect is transmitted herewith. 

3- n regard to the protes^againsl payment of (an) additional fee(s) under Rule 40.2, the appUcant is notified that: 

I I the protest together with the decision thereon has been transmitted to the International Bureau together with the 
I — I applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices 

no decision has been made yet on the protest; the apphcant will be notified as soon as a decision is made. 

4. Further action(s): The applicant is reminded of the following: 

Shortly after 18 months from the priority date, the international application will be published by the International Bureau 
If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international apphcation, or of the 
pnonty claim, must reach the International Bureau as provided in rules 90 bis 1 and 90 bis 3, respectively. Wore the 
completion of the technical preparations for international publication. 

Within 19 months from the priority date, a demand for international preliminary examination must be filed if the applicant 
wishes to postpone the entry into the nauonal phase until 30 months from the priority date (in some Offices even later) . 

Within 20 months from the priority date, the applicant must perform the prescribed aas for entry into the nauonal phase 
before all designated Offices which have not been elected in the demand or in a later eleaion within 19 months from the 
priority date or could not be elected because they are not bound by Chapter II. 



Name and mailing address of the ISA/ US 

Commissioner of Patents and Tradcmaiks 
Box PCT 

Washington, D.C 20231 
Facsimile No. (703) 305-3230 



Tel^hone No. (703) 308-^28 ^ 



Authorized officer 
N ADEEM IQB. 



Form PCT/ISA/220 (January 1994) ^ 



(See notes on accompanying sheet) 



ENT COOPERATION TREA 

PCX 

INTERNATIONAL SEARCH REPORT 
(PCX Article 18 and Rules 43 and 44) 



Applicant's or agent's file reference 
20568-63634 


FOR FURTHER see Notification of Transmittal of Iilernationai Sean* Report 
ACTION (Form PCT/IS A/220) as weU as, where ^licable, item 5 below. 


International application No. 
PCT/US99/ 15897 


International filing date (day/momh/year) 
14 JULY 1999 


(Earliest) Priority Date (day/numOi/year) 
25 MARCH 1999 


Applicant 
CHROMATIS NETWORKS. INC. 



This international search report has been prepared by this Iniemalional Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the Intemadonal Bureau. 

This international search report consists of a total of 

3 

sheets. 

[x] It is also accompanied by a copy of each prior art document cited in this report. 



1- I I Certain claims were found unsearchable (See Box I). 
2. I j Unity of invention is lacking (See Box II). 



3. 



□ The international application contains disclosure of a nucleotide and/or amino acid sequence listing and the 
international search was carried out on the basis of the sequence listing 

I I filed with the international application. 

furnished by the applicant separately from the international application. 

I I but not accompanied by a statement to the effect that it did not irclude matter 



□ 
□ 



going beyond the disclosure in the international application as filed, 
transcribed by this Authority. 



4. With regard to the title, [jg the text is approved as submitted by the applicant. 

I I the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

I X| the text is approved as submitted by the applicaiu. 

I I text has been established, according to Rule 38.2(b). by this Authority as it appears 
in Box III. The applicant may. within one month from the date of mailing of this 
international search report, submit comments to this Authority. 

6. The figure of the drawings to be pubUshed with the abstract is: 

Figure No. 7 suggested by the applicant. i— 1 

(_J None of the figures. 

I I because the applicant failed to suggest a figure. 

□ 

because this figure better c^iaracterizes the invenlioiL 



Form PCT/ISA/210 (first sheet)(July 1992)* 



internation^^Pbearch report 



n^Kational application No. 
PCT/US99/ 15897 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :G06F 11/00. H04J 14/00 

US CL : 714/4. 385/24 
According to Iniemaaonal Patent Classification (IPC) or to both national classification and IPC 



B. 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 714/4.6.19,20.25.49; 385/24; 359/119.127.117.121.166.118.136; 370/216.351.249.237,222; 



Documentation searched other than mmimum documentaUon to the extent that such documents are included in the fields searched 



Elearonic data base consulted during the international search (name of data base and. where practicable, search terms used) 
APS, STN 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



A 
A 



US 5,647,035 A (CADEDDU ET AL) 08 July 1997, col. 2, lines 
33-67, col. 3, lines 1-67, col. 4, lines 1-34) 

US 5,687,013 A (HENMI ET AL) 1 1 November 1997, col. 2, lines 
42-67, col. 3, lines 1-67, col. 4, lines 1-67) 

US 5,528,582 A (BODEEP ET AL) 18 June 1996, entire document 

US 5,854,700 A (OTA) 29 December 1998, entire document. 

US 5,825,517 A (ANTONIADES ET AL) 20 October 1998, entire 
document: 



1-20 

1-20 

1-20 
1-20 
1-20 



Further documents are listed in the continuation of Box C. | | See patent family annex. 



• Special caUgories of cited documents: 

"A" document defining the general state of the art which is not considered 

to be of particular relevance 

"E" earlier document published on or after the international filing date 

"L" document which may throw doubts on priori^ claim (s) or which is 

cited to establish the publication date of another citation or other 
special reason (as specified) 

'O' document referring to an oral disclosure, use, exhibition or other 

means 

'P' document published prior to the international filing date but later than 

the priority date claimed 



later document published afler the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention caimot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
08 SEPTEMBER 1999 


Date of mailing of the international search report 

2 2 OCT 1999 


Name and mailing address of the ISA/ US 
Commissioner of Palems and Trademarks 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703) 305-3230 


Authorized officer z;^ ^ ^ 

NADEEM IQB/C ^^^^^^-^^^^ 

Telephone No. (703) 308^5228 ^ 



Form PCT/IS A/210 (second sheet)(Jtily 1992) 



INTERNATION 



EARCH REPORT 



fraimational application No. 
PCT/US99/15897 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category^ 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



us 5,790,288 A (JAGER ET AL) 04 August 1998, entire 
document. 



1-20 



Form PCT/ISA/210 (comiiiuaiion of second sheet)(Ju]y 1992) ♦ 



Express Mail No.: EL230047695US 

PC# 



The undersigned requests that ihe present 

intemationa! application be processed 
accordino to the Patent Cooperation Trear> . 



For ing Office use only 



Iniemational Application No. 



Iniemaiional Filine Date 



Name of receiving Office and "PCT International Application" 



Applicant's or agent s file reference 
(if desired) (12 characters maximum) 



:>nS6ft-63634 



Box No. I TITLE OF !N\ ENTION 
FAULT PROTECTION IN NETWORKS 



Box No. II APPLICANT 



K'.me and address" fFamiiv name rolio^^•ed bv given name: for a legal entity- Jull official 
^^^anJ^^ioTrifeaJ^^^ ond name of country'. The coumryofthe 

of residence is indicated belo^^.J 

CHROMATIS NETWORKS, INC. 

Three Bethesda Metro Center, Suite 700 

Bethesda, MD 20814 

US 



State ithat is. country-^ of naiionalii> : 
US 



I [ This person is also inventor. 



Telephone No. 




(301) 664 


-8499 


Facsimile No. 




(301) 657 


-9776 



Teleprinter No. 



Siaie (thai is, country) of residence: 
US 



This person i< appHcani 
for ihe purposes of: 



□ a!! designaied 
Siaie> 



I 1 all desienaied States except 

I X I the l.iniled States of America 



□ the United States 
of America only 



□ the States indicated in 
the Supplemental Box 



Box No. Ill Fl RTHER APPLICaNT(S) AND/OR (FURTHER) INVENTOR(S) 



Name and address: (FamUvname foUosved by given name: for a ^^^^^^ ^ >o^«;r?^^^^^^ 
designoiion The address musi include postal code and name of country: The country of the 
address i^^^^^^^^ this Box is the applicant sStaie (that is, couniryy of residence if no State 
of residence is indicated belo^\ . > 

OREN, Yair 

13 Dissenchik Street 

Tel-Aviv 

IL 69353 



This person is: 

[ [ applicant only 

applicant and inventor 



□ inventor only rjf this check-bax 
is marked, do not fill in below.) 



Stale fthai is, countryy of nationaIit> : 
IL 



State nhai is, countryy of residence: 
IL 



This person is appljcani 
for the purposes of 



□ all desisnaied | I all designated States except 
Slates " I I the United States of America 



rrri the United States I | the States indicated in 
X J of America only I I the Supplemental Box 



^ Further applicants and or (further) inventors are indicated on a continuation sheet. 



Box No. IV AGENT OR COMMON REPRESENTATIVE: OR ADD RESS FOR CORRESPONDENCE 

[ I common representative 



The person identified below is hereby/has been appointed to act on behalf 
of the applicani(s) before the competent International Authorities as: 



X agent 



Xame and address: fFamiiv name followed by given name: for a ^J?^^ ^""112^'/''/!^^^^ 
.^amc unu duuic:>- .^^^^^ f^^^ address mZsi include postal code and name of country.) 

CONARD, Richard D. 

BARNES & THORNBURG 

11 South Meridian Street 

Indianapolis, IN 46204 

US 



Telephone No. 

(317) 236-1313 



Facsimile No. 



pi7) 711-7433 



Teleprinter No. 



□ 



Address for correspondence: Mark .his check-box where no agen. or common ^eP^"^"'?''-/ '^''^'^ ^PP°'"'^' 
rnace abo °e used in.Mead to indicaie a special address to wh.ch correspondence should be sen.. 



Form PCT RO iOl (firsi sheeiM'Jul> 199Si 



See Soles to the request form 



Continuation of Box No. Ill FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 


If none of the following sub-boxes is used, this sheet should not be included in the request. 


Kame and address: (Family name followed by given name: for a legal entin .fuU official 
denpnai^Wn^^ ^usi include postal code and name ofcounirv. The country of the 
uL^i^nuttvi.. i , „ . , r • rounirx'/ oTresidencetf no State 
address tnoicatedm this box is ine applicant s^iaie ttnui li. c uumr \j uj t y ^^^^^ 

of residence is indicated below . i 

SHUSSMAN, Yossi 
15 Rotchild Street 
Kfar Saba 
IL 44449 


This person is: 

1 1 applicant only 

applicant and inventor . 

1 1 inventor onlv (/f this check-box 
* ' is marked, do not fill in below.) 


Siaie (that is. countryj of naiionalii> : 

TT 


State (that is, countryj of residence: 

XL ~ 




Name and address: r Family name foil o^ved by gtven name, for a '^^^ 
desienaiion. The address must inchide postal code and name of countrx . The ^ountry^of the 
ada^ess indicated in this Box is the applicant s State (that is. couniryj of residence ijno State 
of residence is indicated helo^w) 


This person is: 

[ 1 applicant only 

1 I applicant and inventor 

1 1 inventor only (If this check- box 
' ' is marked, do not fill in below.) 


State (thai is. country/ of nationality: 


State (that is. country-j of residence: 




Name and address: (Family name foUo\ved by given name: for a legal entity, full official 
'designation The address must include postal code ana name of country 1 he country o1 the 
ada^ess indicated w this Box is the applicant sStaie (that is, countiyj of residence ij no :itate 
of residence is indicated belov.'j 


This person is: 

I 1 applicant onl> 

I 1 applicant and inventor 

1 1 inventor only (If this check-box 
1 ' is marked, do not fill in be low. J 


State (that is. countryj of nationalit\': 


State (that is, country J of residence: 


This person is applicant i 1 ail desisnaied 1 1 all designated States except | | ih 

for the purposes of: 1 1 Siaiei " | 1 the United States of America | 1 of 


e United States r— | the States indicated in 
America only 1 1 the Supplemental Box 


Kame and address: (Family name followed by given name: for a legal entity , full official 
designation. The address must include postal code and name of country. 7 he country oj the 
address indicatedin this Box is the applicant sStaie (that is. country/ of residence ij no Slate 
of residence is indicated below. ^ 


This person is: 

I 1 applicant only 

1 I applicant and inventor 

1 1 inventor only f If this check-box 
is marked, do not fill in below.) 


State (thai is. country/ of national ii> : 


Slate (thai is, countryj of residence: 




1 1 Funher applicants and or ( funherl in\ enters ar-j mdicated on another continuation sheei. 



Box No.V 



DESIGNATION 



Sheei No. 



TaTES 



The following de signal ions are hereb\ made under Rule 4, 9(a) (mark the applicabte check- boxes: at least one must be marked/: 
Regional Patent 

□ AP ARIPO Patent: GH Ghana. GM Gambia. KE Kenya. LS Lesotho. >fW Malawi. SD Sudan. SZ Swaziland. UG Ueanda. 

Z\V Zimbabwe, and any other State which is a Coniractine Slate of the Harare Protocol and of the PCT 

□ EA Eurasian Patent: AM .Armenia. AZ .Azerbaijan. BY Belarus. KG Kyrgyzstan, KZ Kazakhstan. MD Republic of 

Moldova. Rl' Russian Federation. TJ Tajikistan. TM Turkmenistan, and any other State which is a Contraciine State 
of the Eurasian Patent Convention and of the PCT 
E EP European Patent: AT .Austria. BE Belgium. CH and LI Switzerland and Liechtenstein. CV Cvprxjs. DE Germany. 

DK Denmark. ES Spain. FI Finland, FR France. GB United Kingdom. GR Greece. IE Ireland. IT Italy. LU Luxemboure! 
MC Monaco. NL Netherlands. PT Ponugal, SE Sweden, and any other Slate which is a Contracting Siaie of the European 
Patent Convention and of the PCT 

□ OA OAPI Patent: 

Ga Gabon. G.N Ouinea. ow Oumea-Bissau. ML Mali. MR .Mauritania. NE Niger. SN Senegal. TD Chad. TG Togc. 

any other State which is a member State of 0<APi and a Contracting State of the^PCT (ij other kind of protection or treatment 
desired, specific on dotted linej - 

National Patent {if other kind of protection or irearmeni desired, specify- on dotted line): 



iPl Patent: BF Burkina Faso. BJ Benin. CP Central African Republic. CG Congo. CI Coie d'lvoire. CM Cameroon. 
L Gabon. G.N Guinea. GW Guinea-Bissau. ML Mali. MR .Mauritania. NE Niger. SN Senegal. TD Chad. TG Togo, and 



□ 
□ 
□ 

□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

n 

□ 
□ 
□ 
□ 

□ 
□ 

□ 
□ 
□ 

□ 
□ 
□ 
□ 



AL 

A.M 

AT 

AU 

AZ 

BA 

BB 

BG 

BR 

B^ 

CA 



CU 

CZ 

DE 

DK 

EE 

ES 

FI 

GB 

GD 

GE 

GH 



HU 
ID 
IL 
IN 
IS 
JP 
KE 
KG 
KP 



Albania 

-Armenia 

Austria 

Australia 

Azerbaijan 

Bosnia and Herzegovina 

Ba^ados 

Bulgaria 

Brazil 

Belarus 

Canada 

CH and LI Switzerland and Liechtenstein 

CN China 

Cuba 

Czech Republic 

German)' 

Denmark 

Estonia 

Spain 

Finland 

United Kingdom 
Grenada 

Georgia 

Ghana 

GM Gambia 

HR Croatia 

Hungar>' 

Indonesia 

Israel * 

India 

Iceland 

Japan . . . 

Kenya 

Kyrg\zsian 

Democratic People's Republic of Korea 



LS 
LT 
LU 
LV 



Lesotho . . . . 
Lithuania 
Luxembourg 
Latvia 



KR 
KZ 
LC 
LK 
LR 



Republic of Korea 

Kazal-ihsia.^: 

Saini Luc)2 
Sri Lanka 
Liberia 



□ 
□ 
□ 
□ 
□ 
□ 
□ 

□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

□ 
□ 
□ 
□ 

Check-boxes rcser^'cd for designating States (for the purposes of 
a national patent) which have" become parr> to the PCTT after 
issuance oi this sheet: 

□ AE United Arab Emirates 
[-] ZA South Africa 



MD Republic of Moldova 

MG Madagascar 

MK The former Yugoslav Republic of Macedonia 

M.N Mongolia 

MW Malawi 

MX Mexico 

NO Norway 

NZ New Zealand 

PL Poland 

PT Ponugal 

RO Romania 

RU Russian Federation 

SD Sudan 
SE Sweden 
SG Singapore 

SI Slovenia 

SK Slovakia 

SL Sierra Leone 

TJ Tajikistan 

TM Turkmenistan 

TR Turkey 

TT Trinidad and Tobago 

UA Ukraine 

UG Uganda ; 

US United States of America 



UZ 
VN 
YU 
Z\V 



Uzbekistan 
Viet Nam . 
^'ueoslavia 
Zimbabwe . 



Precautionary Designation Statement: In addition to the designations made above, the applicant also makes under Rule 4.9(b) all other 
designations which would be pcrmined under the PCT except any desicnaiionts) indicated in the Supplemental Box as being excluded 
from the scope of this statement. The applicant declares thai those additional designations are subject to coni'irmaiion and that anv 

df" - - . _ 

at 

the cesipiation and confirma lion fees. Confjrrij-ion must reach the receiving Office w ithin the /5-monih time limit, f 



Signal ion which is not confirmed before the expiration of 1 5 months from the pnont>daie is to be regarded as withdrawn by the applicant 
the expiration of that lime limit. (Confirm:::! on of a designation consists of the filing ojfo notice specif\-ing that designation and the payment of 



Form PCT.'RO/IOl (second sheet) (Januar) 1999) 



See Sates to the request form 



Box No. VI PRIORITY CLAIM 



Sheei No/^ . 4 



I I Further priority claims are indicated in the Supplemental Box. 



Filing date 
of earlier application 
(day/month/yearj 


iNumucr 

of earlier application 


Where earlier application is: 


national application: 
country 


rppinnal annlication'* 

regional Office 


international application: 
receiving Office 


item ( 1 ) 

(24.03.99) 
25 March 1999 


60/126,118 


US 






item (2) 










item (3) 











jO^ The receiving Office is requested to prepare and transmit to the International Bureau a certified copy 
of the earlier application(s) (only if the earlier application was filed with the Office which for the 
purposes of the present international application is the receiving Office) identified above as item(s): 

* Where the earlier application is an ARJPO application, it is mandatory' to indicate in the Supplemental Box at least one country party to the Paris 
Convention for the Protection of Industrial Property for which that earlier application was filed CRule 4. 10(b)(ii)). See Supplemental Box. 



(1) 



Box No. VII INTERNATIONAL SEARCHING AUTHORITY 



Choiceof International Searching Authority (ISA) 

(if two or more International Searching Authorities are 
competent to carry out the international search, indicate 
the Authority chosen: the two-letter code may be used): 

ISA / OS 



Request to use results of earlier search; reference to that search Of an earlier 
search has been carried out by or requested from the International Searching Authority) 



Date (day/month/yearj 



Number 



Countr\" (or regional Office) 



Box No. VIII CHECK LIST; LANGUAGE OF FILING 



This international application contains 
the following number of sheets: 



request 

description (excluding 
sequence listing pan) 

claims 

abstract 

drawings 

sequence listing part 
of description 

Total number of sheets 



4 

27 

6 

1 
11 



49 



This iniemationa! application is accompanied by the item(s) marked below: 

1. ^ fee calculation sheet 

2. 29 separate signed power of attomey ( 1 ) 

3. 29 *^*^Py general power of attorney; reference number, if any: ( 2 ) 

4. □ statement explaining lack of signature 

5. □ priorit>' document(s) identified in Box No. VI as item(s): 

6. □ translation of international application into (language): 

7. □ separate indications concerning deposited microorganism or other biological material 

8. □ nucleotide and/or amino acid sequence^Iisting in computer readable forrn^ 

9. @ other (specify*)'- 



Transmittal Letter to the RO/US 
Rptnrn Pn.stal Card 



Figure of the drawings which 
should accompany the abstract: 



Language of filing of the 

international application: 



English 



Box No. IX SIGNATURE OF APPLICANT OR AGENT 



Sext to each signature, indicate the name of the person signing and the capacity in which the person signs Of such capacity is not obvious Jrom reading the request). 



Richard D. Conard, Agent for Applicants 



I. 


Date of actual receipt of the purported 
international application: 


For rece 




2, Drawings: 


3. 


Corrected dale of actual receipt due to later but 
timely received papers or drawings completing 
the purported international application: 






I 1 received: 


4. 


Date of timely receipt of the required 
corrections under PCT Article 1 1(2): 






1 1 not received: 


5. 


International Searching Authority ,^ . 
(if two or more are competent): IbA 7 




6. 1 1 Transmittal of search copy delayed 
1 1 until search fee is paid. 





For International Bureau use onlv 



Date of receipt of the record copy 
by the Intemational Bureau: 



Form PCT/RO/IOI (last sheet) (July 1998) 



See Sates to the request form 



PCX 



GENER.\L POWER OF ATTORNEY 

(for several iniernaiional applications filed under the Patent Cooperation Treaty ) 

(PCT Rule 90.5) 



(fI^H- nam"followed bv given name: for a legal entity, full official desigr^tion. The address must include postal code and name of country:) 

CHROMATIS NETWORKS, INC. 
Three Bethesda Metro Center, Suite 700 
Bethesda, N-ID 20814 
US 



hereby appoini(s)ihe following person as: ^ agent □ common representative 

'^flm!/v "L''e/^o"cfl' bygi^^en name; for a legal entity: full official designation The address must include postal code and name of country:) 

CON^ Richard D ■ COFFEY. WUliam R.: mT-AND, -lem' E.: LAMMERT. Steven R.; REZEK, Richard A: 
NIEDN ^GEL Tunoihv E.: BREEN. John P.: WOODBURN, Jill L.; HARRISON.. Nancy, J.; CARTER, R. Trevor; 
KULK.ARNT Dilip A.:' QUICK. David B.; PO\\'LICK, Jill T.; PALAN, Pern". NE\\Tvl^\ Mark M.; 
GILLENV.ATER.. Bobby B.;. HUNT. Paul B.; GZ^^OWSKI, Michael S.; GALLAGHER, Gerald T.; NULL, 
Robert D.: M.ARTIN, Alice O. ;. All Appointed .Agenis of the Address; 
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FAULT PROTECTION IN NETWORKS 

Field of the Irnventipp 

The present invention relates to methods and devices for providing fault 
5 protection in networks. It is disclosed in the context of fiber optic communication 
networks, but is believed to be useful in other applications as well. 

Disclosure of the Invention 

According to one aspect of the invention, a combination includes a 

10 closed loop optical fiber for carr5ang information modulated on at least two optical 
carriers, a first one of the carriers having a first wavelength and a second one of the 
carriers having a second wavelength, and at least two nodes at a first one of which first 
information modulated on the first carrier and second information modulated on the 
second carrier is to be recovered and transmitted. The first node comprises a first 

1 5 demultiplexer for demultiplexing the first carrier fi-om the fiber, a second demultiplexer 
for demultiplexing the second carrier fi-om the fiber, a first multiplexer for multiplexing 
the first carrier on the fiber, a second multiplexer for multiplexing the second carrier on 
the fiber, and apparatus for receiving and transmitting first and second information. 
The apparatus for receiving and transmitting first and second information consists 

20 essentially of a first receiver for demodulating first information and a first transmitter 
for modulating first information on the first carrier before the first carrier is placed on 
the fiber by the first multiplexer, a second receiver for demodulating second 
information and a second transmitter for modulating second information on the second 
carrier before the second carrier is placed on the fiber by the second multiplexer. 

25 Illustratively according to this aspect of the invention, the combination 

fiarther comprises first and second switches. Each of the first and second switches has 
first and second input ports and first and second output ports. Each of the first and 
second switches has first and second states. The first state of each of the first and 
second switches couples the respective switch's first input port to its first output port 

30 and its second input port to its second output port. The second state of each of the 
first and second switches couples the respective switch's first input port to its second 
output port and its second input port to its first output port. The first receiver is 
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coupled to the first input port of the first switch. The second receiver is coupled to the 
second input port of the first switch. The second output port of the first switch is 
coupled to the second input port of the second switch. The first output port of the 
second switch is coupled to the first transmitter. The second output port of the second 
5 switch is coupled to the second transmitter. The node controls the first and second 
switches so that when the first carrier is not capable of transmitting first information 
over the fiber, the first information is modulated on the second carrier for transmission 
over the fiber. 

Additionally according to this aspect of the invention, the combination 

10 fiirther comprises a third optical carrier having a third wavelength. The first 

demultiplexer also removes the third carrier from the fiber. The first multiplexer also 
places the third carrier on the fiber. The node includes apparatus for receiving and 
transmitting third information. The apparatus for receiving and transmitting third 
information consists essentially of a third receiver for demodulating third information 

1 5 from the third carrier and a third transmitter for modulating third information on the 
third carrier before the third carrier is placed on the fiber by the first multiplexer. The 
fiber couples the third carrier to the first demultiplexer and the first multiplexer couples 
the third carrier to the fiber. 

Further illustratively according to this aspect of the invention, each of 

20 the first and second switches has first, second and third input ports and first, second 
and third output ports. Each of the first and second switches has first, second, third 
and fourth states. The first state of each of the first and second switches couples its 
first input port to its first output port, its second input port to its second output port, 
and its third input port to its third output port. The second state of each of the first 

25 and second switches couples its first input port to its second output port, its second 
input port to its first output port and its third input port to its third output port. The 
third state of each of the first and second switches couples its first input port to its first 
output port, its second input port to its third output port, and its third input port to its 
second output port. The fourth state of each of the first and second switches couples 

30 its first input port to its third output port, its third input port to its first output port, 

and its second input port to its second output port. The first receiver is coupled to the 
first input port of the first switch. The second receiver is coupled to the second input 
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port of the first switch. The third receiver is coupled to the third input port of the first 
switch. The third output port of the first switch is coupled to the third input port of 
the second switch. The node controls the first and second switches so that when one 
of the first and third carriers is not capable of transmitting a respective one of first and 
5 third information over the fiber, the respective one of first and third information is 
modulated on the second carrier for transmission oyer the fiber. 

Illustratively according to this aspect of the invention, the combination 
fiirther comprises a fourth optical carrier having a fourth wavelength. The fiber 
couples the fourth optical carrier through at least one of the first and second 

1 0 demultiplexers and through at least one of the first and second multiplexers so that the 
fourth optical carrier passes through the first node unaffected. 

Further illustratively according to this aspect of the invention, the fiber 
couples the fourth optical carrier through the first and second demultiplexers and 
through the first and second multiplexers. 

15 According to another aspect of the invention, a combination comprises 

first and second loops of optical fiber for carrying information modulated on a first 
optical carrier having a first wavelength, and at least two nodes at a first one of which 
first information modulated on the first carrier is to be received and transmitted. The 
first node comprises a first demultiplexer for demultiplexing the first carrier from the 

20 first fiber, a first multiplexer for multiplexing the first carrier on the first fiber, and 

apparatus coupled to the first demultiplexer for receiving, and to the first multiplexer 
for transmitting, first information. The combination fijrther comprises first and second 
switches, each having first and second input ports and first and second output ports. 
Each of the first and second switches has first and second states. The first state of 

25 each of the first and second switches couples the respective switch's first input port to 
its first output port and its second input port to its second output port. The second 
state of each of the first and second switches couples the respective switch's first input 
port to its second output port and its second input port to its first output port. The 
first optical fiber is coupled to the first input port of the first switch and to the first 

30 output port of the second switch. The second optical fiber is coupled to the second 
input port of the first switch and to the second output port of the second switch. The 
first output port of the first switch is coupled to the first demultiplexer. The first 
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multiplexer is coupled to the first input port of the second switch. The second output 
port of the first switch is coupled to the second input port of the second switch. 

Illustratively according to this aspect of the invention, the combination 
fiirther comprises a second optical carrier. Second information is modulated on the 
5 second carrier. The second carrier is transmitted along the first optical fiber in the first 
direction. 

Further illustratively according to this aspect of the invention, the first 
demultiplexer demultiplexes the second carrier from the first fiber, the first multiplexer 
multiplexes the second carrier on the first fiber. The combination fiirther comprises 

10 apparatus coupled to the first demultiplexer for receiving, and to the first multiplexer 
for transmitting, second information. 

Additionally illustratively according to this aspect of the invention, the 
combination fiirther comprises a third optical carrier transmitted along the second 
optical fiber in a second direction opposite to the first direction. The third carrier has a 

1 5 third wavelength. 

Illustratively according to this aspect of the invention, the first node 
controls the first and second switches so that when one of the first and second optical 
carriers is incapable of being transmitted along its respective fiber in its respective 
direction, one of the first and second switches is switched from its first state to its 

20 second state so that the respective optical carrier is transmitted in the opposite 
direction on the other of the first and second fibers. 

According to another aspect of the invention, first and second closed 
loop optical fibers are provided for carrying information modulated on a first optical 
carrier having a first wavelength. At least two nodes are provided. At a first one of 

25 the nodes first information modulated on the first carrier is to be received and 

transmitted. The first node comprises a first demultiplexer for demultiplexing the first 
carrier from the first fiber, a first multiplexer for multiplexing the first carrier on the 
first fiber, a second demultiplexer for demultiplexing the first carrier from the second 
fiber, a second multiplexer for multiplexing the first carrier on the second fiber, first 

30 apparatus coupled to the first demultiplexer for receiving, and to the first multiplexer 
for transmitting, first information, and first and second switches. Each of the first and 
second switches has first and second input ports and first and second output ports. 
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Each of the first and second switches has first and second states. The first state of 
each of the first and second switches couples the respective switch's first input port to 
its first output port and its second input port to its second output port. The second 
state of each of the first and second switches couples the respective switch's first input 
5 port to its second output port and its second input port to its first output port. The 
first optical fiber is coupled to the first demultiplexer. The first demultiplexer is 
coupled to the first input port of the first switch. The second demultiplexer is coupled 
to the second input port of the first switch. The first output port of the first switch is 
coupled to the first receiving apparatus. The first transmitting apparatus is coupled to 
1 0 the first input port of the second switch. The second output port of the first switch is 
coupled to the second input port of the second switch. The first output port of the 
second switch is coupled to the first multiplexer. The second output port of the 
second switch is coupled to the second multiplexer. 

Illustratively according to this aspect of the invention, the first node 
15 controls the first and second sv/itches so that when the first optical carrier is incapable 
of being transmitted along the first fiber in the first direction, one of the first and 
second switches is switched fi-om its first state to its second state so that the first 
optical carrier is transmitted in the second direction on the second fiber. 

Further illustratively according to this aspect of the invention, a second 
20 optical carrier is transmitted along the first optical fiber in the first direction. Second 
information is modulated on the second carrier. 

Additionally illustratively according to this aspect of the invention, the 
first and second demultiplexers are each capable of demultiplexing the first carrier and 
the second carrier. Second apparatus is provided for receiving and transmitting the 
25 second carrier. The second apparatus is coupled to the first and second demultiplexers 
for receiving, and to the first and second multiplexers for transmitting, the second 
information. 

Illustratively according to this aspect of the invention, third and fourth 
switches are provided. Each of the third and fourth switches has first and second input 
30 ports and first and second output ports. Each of the third and fourth switches has first 
and second states. The first state of each of the third and fourth switches couples the 
respective switch's first input port to its first output port and its second input port to 
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its second output port. The second state of each of the third and fourth switches 
couples the respective switch's first input port to its second output port and its second 
input port to its first output port. The first optical fiber is coupled to the first 
demultiplexer. The first demultiplexer is coupled to the first input port of the third 
5 switch. The second demultiplexer is coupled to the second input port of the third 
switch. The first output port of the third switch coupled to the second receiving 
apparatus. The second transmitting apparatus is coupled to the first input port of the 
fourth switch. The second output port of the third switch is coupled to the second 
input port of the fourth switch. The first output port of the fourth switch is coupled to 

10 the first multiplexer. The second output port of the fourth switch coupled to the 
second multiplexer. 

Further illustratively according to this aspect of the invention, the first 
node controls the third and fourth switches so that when the second optical carrier is 
incapable of being transmitted along the first fiber in the first direction, one of the third 

1 5 and fourth switches is switched from its first state to its second state so that the second 
optical carrier is transmitted in the second direction on the second fiber. 

Additionally illustratively according to this aspect of the invention, a 
third optical carrier is transmitted along the second optical fiber in a second direction 
opposite to the first direction. The third carrier has a third wavelength. 

20 

Brief Descripti on of the Drawings 

The invention may best be understood by referring to the following 
detailed descriptions of illustrative embodiments, and the accompanying drawings 
which illustrate the invention. In the drawings: 
25 Fig. 1 illustrates a highly simplified block diagram of a network capable 

of incorporating the present invention; 

Fig. 2 illustrates a fiinctional block diagram of a possible detail of the 
network illustrated in Fig. 1; 

Fig. 3 illustrates a fimctional block diagram of a possible detail of the 
30 network illustrated in Fig. 1; 

Fig. 4 illustrates a possible architecture of a detail of the system 
illustrated in Fig. 2; 
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Fig. 5 illustrates a possible architecture of a detail of the system 
illustrated in Fig. 3; 

Fig. 6 illustrates a highly simplified block diagram of a network 
incorporating the present invention; 
5 Fig. 7 illustrates a highly simplified block diagram of the network 

illustrated in Fig. 6 in a fault condition; 

Fig. 8 illustrates a fijnctional block diagram of a possible detail of the 
network illustrated in Fig. 1; 

Figs. 9-10 illustrate two states of a detail of the systems illustrated in 
10 Figs. 4-8 and 11-17; 

Fig. 1 1 illustrates a fiinctional block diagram of a possible detail of the 
network illustrated in Figs. 6-7; 

Fig. 12 illustrates a highly simplified block diagram of a network 
incorporating the present invention; 
15 Fig. 13 illustrates a highly simplified block diagram of the network 

illustrated in Fig. 12 in a fault condition; 

Fig. 14 illustrates a possible architecture of a detail of the system 
illustrated in Figs. 12-13; 

Fig. 15 illustrates a possible architecture of a detail of the system 
20 illustrated in Figs. 12-13; 

Fig. 16 illustrates a possible architecture of a detail of the system 
illustrated in Figs. 12-13; and. 

Fig. 17 illustrates a possible architecture of a detail of the system 
illustrated in Figs. 12-13 

25 

Detailed Descriptions of Illustrative Embodiments 

In order to understand the invention, it is helpfiil to outline certain 
characteristics of a typical system which incorporates the invention. Referring to Fig. 
1, a set of an arbitrary number of nodes 20 is interconnected in a ring network 21 by a 
30 pair of optical fibers 22-1 and 22-2. The data carriers in the optical fiber ring 21 are 
generated by an arbitrary number, N, of, for example, laser diodes, providing a 
respective arbitrary number of wavelengths Al, A2, . . . AN in, for example, the 1550 
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nm and/or 13 10 nm bands. These optical carrier sources provide the optical channels 
interconnecting the network 21 nodes 20, and these channels, or wavelengths Al, A2, 
. . . AN, are carried in a single fiber 22-1, 22-2 using Dense Wavelength Division 
Multiplexing technology. Each such wavelength Al, A2, . . . AN is hereinafter generally 
5 referred to as a DWDM channel. 

It is not essential to an implementation of the invention that a particular 
bit rate or range of bit rates be employed, and so the bit rate of each DWDM channel 
Al, A2, . . . AN is arbitrary and independent of the rates of other channels Al, A2, . . . 
AN. The protocol used by each DWDM channel Al, A2, . . . AN is arbitrary and 

10 independent of the protocol(s) used by other channels Al, A2, . . . AN. Examples of 
various protocols which may be implemented in various ones of the channels Al, A2, 
. AN carried on systems constructed according to the invention include SONET/SDH, 
ATM and DP. In the illustrated embodiments, all channels Al, A2, . . . AN are assumed 
to be using SONET/SDH fi-aming. Channels Al, A2, . . . AN which use different 

15 protocols, ATM and IP, for example, are simply mapped into the SONET/SDH 
firames using established standards and techniques. 

With reference to Figs. 2-3, there are two types of nodes 20 in the 
DWDM network. Type 1 nodes 24 drop and add a single, predetermined wavelength 
AP by means of an optical demultiplexer/multiplexer pair, or Optical Add/Drop 

20 Multiplexer, 26, hereinafter generally referred to as an OADM. Type 1 nodes 24 
optionally effect appropriate protocol processing on the signals carried by their 
assigned wavelengths AP. Several type 1 nodes 24 may share the same wavelength 
AP. Type 2 nodes 28 have the capability to generate/terminate any subset Al, A2, 
AM of the wavelengths Al, A2, . . . AN in the ring using a DWDM 

25 multiplexer/demultiplexer 30. A type 2 node 28 can then optionally effect protocol 
processing on one or more subsets of the terminated wavelengths Al, A2, . . . AM. 
Several nodes 24, 28 of both types can simultaneously access the same wavelength(s) 
A1,A2, ...AN. 

In the embodiment illustrated in Fig. 1, it is understood that virtually 
30 any combination of type 1 nodes and type 2 nodes is possible. The invention is 
intended to maintain the network 21 functional in the presence of a wide range of 
faults, including physical fiber cuts, transmission impairments creating signal quality 
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degradation, and failure of equipment modules, for example, transceivers 34, using a 
Common Control and Backup Channel 36 (hereinafter generally referred to as CCBC 
36) aspect of the invention. A system constructed according to the invention requires 
only a single transceiver 34 per wavelength AP at each node 20 that accesses that 
5 wavelength AP. Prior art networks require multiple transceivers 34 per wavelength AP 
at each node 20. Thus, the invention substantially reduces the cost of the resulting 
systems. 

A single, specific channel 36 is used as a backup channel for any failed 
DWDM channel Al, A2, . . . AN. When, for example, a transceiver 34 for any of the 

10 DWDM channels A 1, A2, ... AN in any of the nodes 24, 28 fails, the backup channel 
36 replaces the disabled channel. All nodes 24, 28 which access the wavelength AP of 
the failed channel replace the failed channel with the backup channel 36. The 
wavelength AC used by the CCBC 36 is arbitrary. Again, the possibilities include 1310 
nm, 1510 nm, and any DWDM wavelength defined by the ITU grid. Network 21 

15 control channel, used for management and fault reporting, is also carried by the same 
carrier AC. Therefore the CCBC 36 is added/dropped at every node 24, 28. 

The method used to multiplex the control information and the payload 
data when the CCBC 36 is activated as a backup for a failed DWDM channel Al, A2, . 
. - AN depends on the protocol(s) being used in the network 21 . One approach, 

20 applicable when the data channels in the network use SONET/SDH fi-aming, is to have 
the control channel 36 use the DCC bytes in the section overhead of the SONET/SDH 
signal. Another approach, applicable to ATM channels, is to assign a specific ATM 
VC to the control flow. 

A control subchannel 56 of the CCBC 36 is used to coordinate the 

25 activation of the backup channel AC to replace a DWDM channel Al, A2, , . . AN for 
which the transceiver 34 at one of its associated nodes 24, 28 has failed. The node 24, 
28 at which failure is detected will notify all other relevant nodes 24, 28, and those 
nodes 24, 28 will switch fi-om the failed channel to the backup channel AC. The exact 
format of the messages used within the control protocol to achieve this end is not 

30 central to this aspect of the invention. However, this kind of message format and 
message exchange is common in packet oriented control protocols. A significant 



wo 00/58832 PCTAJS99/15897 

-10- 

benefit of this approach is to reduce the number of transceivers 34 utiUzed at each 
node 24, 28. 

Each node 24, 28 requires a transceiver 34 for each DWDM channel 
Al, A2, . . . AN with which it is associated, plus a transceiver 34 for the CCBC 36. 
5 Thus, an alternative approach to providing resiliency against the failure of a transceiver 
34 would be to provide two transceivers 34 per associated wavelength Al, A2, . . . AN 
in each node. This is especially significant in type 2 nodes, where the number of 
wavelengths Al, A2, . . . AM terminated at a node 28 can be large. Combining the 
backup function with the control function on the same channel AC further reduces the 
10 number of transceivers 34 required by eliminating the additional transceiver 34 for the 
control channel. Using relatively inexpensive optical technology, such as 1310nm 
components, for the CCBC 36 provides an extremely cost-eflFective solution to this 
problem. 

Fig. 2 illustrates a functional block diagram of a type 1 node 24 

1 5 according to the present invention. A processing subsystem 40 apphes the protocol 

processing appropriate to a particular network 21 application. Examples of processing 
subsystems 40 include SONET/SDH multiplexers and ATM multiplexers. It is also 
possible to have a "null" processing subsystem 40, for example, an opto-electrical 
transponder, which transmits the signal unaffected to the next node 24, 28. The 

20 processing subsystem 40 provides an electrical signal to an optical subsystem 42 for 

transmission on an assigned DWDM channel Al, A2, . . . AN, or on the backup channel 
AC when the need arises. The optical subsystem 42 also has tributary ports which 
permit the connection of equipment using the transport services of the network 21 
under consideration. The optical subsystem 42 implements the optical add/drop 

25 function. This function permits the transmission of the electrical signal produced by 
the processing subsystem 40 on the DWDM channel AP associated with this node 24. 
It also enables the node 24 to participate in network 21 -wide protection and backup 
activation events. A control subsystem 44 manages, configures and monitors the 
operation of the other subsystems 40, 42, and handles all communications on the 

30 CCBC 36. 

Fig. 3 illustrates a functional block diagram of a type 2 node 28 
according to the present invention. A processing subsystem 46 provides protocol- 
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related processing functions, such as the cross-connect/switching function, and all 
protocol processing for all wavelengths Al, X2, . . . XM terminated at this node 28. In 
the case of a SONET/SDH application, the processing subsystem 46 can provide the 
functionality of a SONET/SDH cross-connect, as well as all SONET/SDH related 
5 protocol processing. In the case of an ATM application, the processing subsystem 46 
can provide the functionality of an ATM VPX and the associated protocol processing. 
A "null" processing subsystem 46, that is, a set of electro-optical transponders for the 
optical channels XI, A2, . . . XM served by this node 28, may also be provided. The 
processing subsystem 46 provides to an optical subsystem 48 an electrical channel for 

10 each DWDM channel Xl, X2, . . . XM terminated by this node 28. The optical 

subsystem 48 also has tributary ports which permit the connection of equipment using 
the transport services of the network 21, 

Fig. 4 illustrates a possible architecture of an optical subsystem 42 for a 
type 1 node 24. The incoming fiber 22-1 or 22-2 carries a DWDM signal composed of 

15 various wavelengths XI, X2, . . . XN, one of which is the CCBC 36 wavelength XC and 
another of which is the specific wavelength XP associated with this type 1 terminal 24. 
Several other wavelengths (XI, X2, . . . XN)-XC-XP may be present in the signal. All 
of such additional wavelengths (XI, X2, . . . XN)-XC-XP will pass through the 
illustrated type 1 node 24 unaffected. The combined DWDM signal Xl, X2, . . . XN 

20 first goes through an optical drop component 50 for the wavelength XC used by the 

CCBC 36. This component 50 removes, or drops, the wavelength XC of the CCBC 36 
fi-om the composite DWDM signal Xl, X2, . . . XN and provides the thus separated 
CCBC wavelength XC to a CCBC receiver 52. The remaining wavelengths (Xl, X2, . . 
. XN)-XC pass through the optical drop component 50 unchanged. The exact nature of 

25 the CCBC optical drop component 50 depends on the wavelength XC used for that 
channel 36. 

The CCBC receiver 52 converts the isolated CCBC optical signal XC 
into an electrical signal. The resulting electrical signal goes into a control subchannel 
demultiplex function 54 which separates the control component 56 in the CCBC 36 
30 fi-om any data component which will exist, for example, if the CCBC 36 is also 
currently functioning as a backup channel. The exact nature of the demultiplex 
function 54 depends on the structure of the signal, that is, whether the signal is, for 
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example, a SONET/SDH signal, or an ATM signal, or an IP signal. In case of a 
SONET/SDH signal (or a SONET/SDH framed signal), the information contained in 
the DCC bytes of the section overhead in the SONET/SDH frames must be isolated. 
This can be accomplished by commercially available SONET/SDH framing 
5 components such as, for example, the SPECTRA or SUNI devices from PMC-Sierra. 
If the control subchannel 56 is carried as a specific VC in an ATM cell flow or as a 
specifically addressed packet flow in an IP packet stream, suitable hardware can be 
devised to effect the required separation fiinctionality. This fiinctionality is found in 
ATM switching systems and IP routing systems, respectively. 

1 0 The resulting isolated control flow is provided via a control channel 56 

to control subsystem 44 (Fig. 2). The remaining isolated data stream (again, if the 
CCBC 36 is also currently fiinctioning as a backup channel) is provided to a receive, or 
Rx, selector fianction 58. The Rx selector fiinction 58 is able to select, given suitable 
control signals, a normal state or a backup state. When the Rx selector 58 is in the 

15 normal state, the signal originating in a DWDM receiver 60 is passed on as the data 
channel to the processing subsystem 40 and the data component produced by the 
control subchannel demultiplexer fiinction 54 is passed through to a transmit, or Tx, 
selector fianction 64, which will be described subsequently. When the Rx selector 58 is 
in the backup state, the signal originating in the DWDM receiver 60 is discarded, and 

20 the data component produced by the control subchannel demultiplexer fiinction 54 is 
passed through to the processing subsystem 40. The Rx selector fiinction 58 can be 
implemented with, for example, a 2x2 analog switch of the type illustrated in Figs. 9- 
10. 

After having gone through the C/B channel drop fiinction 50, the 
25 incoming signal Xl, A2, . . . AN, less the CCBC wavelength AC, which has now been 
removed, next goes into the optical drop fiinction 66 for the DWDM channel with 
which the specific type 1 node 24 being considered is associated. The optical drop 
fiinction 66 removes the DWDM channel XP associated with this node 24 from the 
combined incoming signal and provides it to the DWDM receiver 60. The remaining 
30 wavelengths (Xl, A2, . . . AN)-AC-XP pass through the optical drop fiinction 66 

unaffected. The exact nature of the DWDM optical drop component 66 depends on 
the wavelength AP associated with the specific type 1 node 24 being considered. 
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The DWDM receiver 60 transforms the isolated DWDM channel AP 
into an electrical signal. The resulting electrical signal goes to the Rx selector function 
58, previously described. 

The Tx selector function 64 is able to select, given suitable control 
5 signals, one of two configurations, the normal state or the backup state. In the normal 
state, the data signal from the processing subsystem 40 is passed to a DWDM 
transmitter 70, to be transmitted as this node 24 's DWDM channel AP, and the data 
stream provided by the Rx selector function 58 is passed through as the data 
component into the control subchannel multiplexer function 72. When the Tx selector 
10 function 64 is in the backup state, the data signal from the processing subsystem 40 is 
passed as the data component into the control subchannel multiplexer function 72, and 
no signal is provided to the DWDM transmitter 70. The Tx selector function 64 can 
be implemented with, for example, a 2x2 analog switch of the type illustrated in Figs. 
9-10. Again, such switches are available from, for example, Vitesse. The DWDM 
1 5 transmitter 70 is one suitable for the wavelength AP used for this channel. 

The resulting optical signal is then incorporated into the combined 
DWDM signal (Al, A2, . . . AN) -AC by an optical add component 74 suitable for this 
wavelength AP. The output signal of the optical add component 74 will contain the 
wavelength AP associated with the specific type 1 node 24 being considered, as well as 
20 any other wavelengths (Al, A2, . . . AN )-AC present in the incoming signal. If no 
signal is provided to the DWDM transmitter 70, the latter is disabled and will not 
generate any optical signal to be added into the outgoing composite DWDM signal. 

The control subchannel multiplex function 72 multiplexes the data 
stream provided by the Tx selector 64 with the control channel AC originating in the 
25 control subsystem 44. The exact nature of this multiplexing function 72 depends on 
the type and format of the signal, as explained above for the demultiplex function 54. 
It can be implemented with, for example, the same types of components and logical 
hardware identified above. The resulting signal is converted by the C/B transmitter 76 
into an optical signal. The type of transmitter 76 required depends on the wavelength 
30 AC used for the CCBC 36. 

The optical signal generated by the C/B transmitter 76 is incorporated 
into the combined DWDM signal Al, A2, . . . AN by the optical add function 78 for the 
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CCBC 36. The resulting Fiber OUT signal contains all wavelengths (XI, A2, . . . AN)- 
AC-AP which pass through the node 24 unaffected, as well as the particular DWDM 
channel wavelength AP associated with the specific type 1 node being considered (if 
that wavelength is active) and the wavelength AC used for the CCBC 36 carrying the 
5 locally (re-)generated signal. In summary, the functional behavior of the optical 

subsystem 42 for the type 1 node 24 is as follows. The CCBC 36 is dropped 50. The 
control subchannel 56 is isolated 54 and passed 56 to the control subsystem 44. The 
incoming DWDM channel AP associated with the specific type 1 node 24 being 
considered is dropped 66 and passed 60, 58 to the processing subsystem 40. If the 

10 backup channel has been activated to replace the DWDM channel AP associated with 
the node 24, the data component of the CCBC 36, instead of the DWDM channel AP, 
is passed 54, 58 to the processing subsystem 40. 

In the normal state, the data signal provided by the processing 
subsystem 40 is transmitted 64 on the DWDM channelAP, which is incorporated 70, 

15 74 into the combined DWDM signal Al, A2, . . . AN traversing the node 24. Also, the 
data component of the CCBC 36 passes through 54, 58, 64 the node 24 and is 
multiplexed 72 with the control signal generated 56 by the control subsystem 44. The 
combined signal is transmitted 76, 78 on the CCBC 36. This permits use of the CCBC 
36 to replace wavelengths (Al, A2, . . . AN)-AP other than the one, AP, associated with 

20 the specific type 1 node 24 being considered. 

In the backup state, the data signal provided by the processing 
subsystem 40 is multiplexed 64, 72 with the control signal generated by the control 
subsystem 44, and the combined signal is then transmitted on the CCBC 36. It is 
assumed that all nodes 24, 28 associated with the failed wavelength AP will be in the 

25 backup state with respect to this wavelength AP, and that this wavelength AP will thus 
be handled by all such nodes 24, 28 over the CCBC 36. 

Once a node 24 is notified via the control channel that the DWDM 
channel AP with which it is associated should be transferred to the CCBC 36, that node 
24 puts both its Rx selector 58 and its Tx selector 64 in the backup state. 

30 Fig. 5 illustrates a possible architecture for an optical subsystem 48 for 

a type 2 node 28. The incoming fiber 22 carries a DWDM signal composed of three 
distinct types of wavelengths. One wavelength AC is the one associated with the 
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network 2 Ts CCBC 36. A second type of wavelengths includes those wavelengths 
XI, A2, . . . AM terminated at the specific type 2 node 28 being considered. These go 
through a transceiver 34 comprising receivers 60-1, 60-2, . . . 60-M and transmitters 
70-1, 70-2, . . . 70-M for the respective wavelengths Xl, A2, . . . AM and are processed 
5 by the processing subsystem 46 of the specific type 2 node 28 being considered. A 
third type of wavelengths includes those through wavelengths (Al, A2, . . . AN)-(Al, 
A2, . . . AM)-AC which pass through the specific type 2 node 28 being considered 
unaffected. These through wavelengths (Al, A2, . . . AN)-(Al, A2, . . . AM)-AC are 
bridged at the optical level from a DWDM demultiplexer 84 to DWDM multiplexer 

10 86. The CCBC 36 is available to replace any channel Al, A2, . . . AM that is 

terminated locally. Note that no transceiver 34 failure can affect a through wavelength 
(Al, A2, . . . AN)-(A1, A2, . . , AM)-AC, and hence there is no need for the CCBC 36 to 
protect any through wavelength (Al, A2, . . . AN)-(Al, A2, . . . AM)-AC at the specific 
type 2 node 28 being considered. 

15 The combined signal Al, A2, . . . AN first goes through an optical drop 

component 50 for the wavelength AC used by the CCBC 36. This optical drop 50 
component illustratively can be identical to the one described above for the type 1 
node 24. The C/B receiver fiinction 52 and the control subchannel demultiplexer 
fimction 54 are identical to those described above for the type 1 node 24. After having 

20 gone through the optical drop fijnction 50 for the C/B channel, the incoming signal Al, 
A2, . . . AN less the CCBC wavelength AC next goes into the DWDM demultiplexer 
84. The DWDM demultiplexer 84 demultiplexes the composite DWDM signal less the 
CCBC wavelength ((Al, A2, . . . AN)-AC) into its constituent wavelengths. Each 
wavelength is then either connected to a suitable receiver 60-1, 60-2, . . . 60-M for 

25 wavelengths Al, A2, . . . AM, or fiber optically bridged to the DWDM multiplexer 
fimction 86 described below for through wavelength (Al, A2, . . . AN)-(Al, A2, . . , 
AM)-AC. Receivers 60-1, 60-2, . . . 60-M transform the isolated DWDM channels A 1, 
A2, . . . AM into electrical signals. The resulting electrical signals go into an Rx 
selector fijnction 100. 

30 The Rx selector fijnction 100 has M+1 input ports and M+1 output 

ports, where M is the number of wavelengths terminated at the specific type 2 node 28 
being considered. M inputs are connected to the electrical outputs of the Al, A2, . . . 
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XM receivers 60-1, 60-2, . . . 60-M. The M+lst input is for the data component of the 
control subchannel demultiplexer function 54. M output ports of the Rx selector 58 
are connected to the processing subsystem 46. The M+lst output is connected to a Tx 
selector 102 described below. Given suitable control signals, the Rx selector 100 can 
5 configure either the normal state or the backup state. In the normal state, the M inputs 
fi-om the Al, A2, . . . AM receivers 60-1, 60-2, . . . 60-M are routed to the M outputs 
connected to the processing subsystem 46, The data component produced by the 
control subchannel demultiplexer function 54 is passed through the Rx selector 
function 100 to the Tx selector function 102. In the backup state, one, AP, of the 

10 signals originating in one of the Al, A2, . . . AM receivers 60-1, 60-2, . . . 60-M is 
discarded. The data component produced by the control subchannel demultiplexer 
function 54 is passed through to the processing subsystem 46 in the place of AP. The 
other signals (Al, A2, . . . AM)-AP from the receivers (60-1, 60-2, . . . 60-M)-60-P are 
connected to the respective outputs of the Rx selector 100, as before. This 

15 replacement of a DWDM channel AP by the CCBC 36 can be applied to any one of the 
DWDM channels 60-1, 60-2, . . , 60-M. Such a selector function 100 can be 
implemented with, for example, an (M+l) x (M+1) analog switch. 

The Tx selector function 102 is similar to the Rx selector function 100. 
Given suitable control signals, the Tx selector 102 can configure either the normal 

20 state or the backup state. In the normal state, the M inputs fi*om the processing 
subsystem 46 are routed to the M outputs connected to the Al, A2, . . . AM 
transmitters 70-1, 70-2, . . . 70-M. The data stream fi*om control subchannel 
demultiplexer 54 provided by the Rx selector function 1 00 is passed through Tx 
selector function 102 into the control subchannel multiplexer function 72. In the 

25 backup state, one, AP, of the signals Al, A2, . . . AM fi-om the processing subsystem 46 
is passed as the data component into the control subchaimel multiplexer function 72. 
The other M-1 signals (Al, A2, . . . AM)-AP from the processing subsystem 46 are 
connected to their respective (Al, A2, . . . AM)-AP transmitters (70-1, 70-2, . . . 70- 
M)-70-P. This replacement of a DWDM channel AP by the CCBC 36 can be appUed 

30 to any one of the DWDM channels Al, A2, . . . AM. Again, such a selector function 
102 can, for example, be implemented with an (M+1) x (M+1) analog switch. 
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The Al, A2, . . . AM transmitters 70-1, 70-2, . . . 70-M are components 
suitable for the wavelengths used for their respective DWDM channels Al, A2, . . . 
AM. The resulting Al, A2, . . . AM optical signals are then assembled into the 
composite DWDM signal (Al, A2, . . . AN)-AC by the DWDM multiplexer component 
5 86. The output signal of the DWDM multiplexer component 86 under normal 

conditions contains all the DWDM wavelengths Al, A2, . . . AM generated by the local 
transmitters as weU as those (Al, A2, . . . AN)-(Al, A2, . . . AM) optically bridged from 
the DWDM demultiplexer 84. In the backup mode, if one, AP, of the Al, A2, . . . AM 
channels is replaced by the CCBC 36, then the corresponding transmitter 70-P will not 

1 0 generate any signal. 

The control subchannel multiplexer function 72 multiplexes the data 
stream provided by the Tx selector 102 with the control channel 56 originating in a 
control subsystem 106 (Fig. 3). The control subchannel multiplexer component 72 
can, for example, be the same as the one described above in connection with the 

1 5 description of the type 1 node 24. 

The optical signal AC generated by the C/B transmitter 76 is 
incorporated into the combined DWDM signal Al, A2, . . . AN by the optical add 
function 78 for the CCBC 36. The resulting Fiber OUT signal contains all pass- 
through wavelengths (Al, A2, . . . AN)-(Al, A2, . . . AM)-AC, as well as the local 

20 DWDM channel wavelengths (Al, A2, . . . AM) and the wavelength AC used for the 

CCBC, carrying the locally (re-)generated signal away from the specific type 2 node 28 
being considered. 

According to another aspect of the invention, two different additional 
protection mechanisms are explored. These are generally referred to hereinafter as 

25 Fiber Loopback Protection (hereinafter generally referred to as FLP), and Wavelength 
Loopback Protection (hereinafter generally referred to as WLP). With reference to 
Fig. 6, a network 21' constructed according to the invention operates over a pair of 
parallel fiber rings 22-1, 22-2 that carry traffic in opposite directions (hereinafter 
sometimes referred to for convenience as West and East). Under normal conditions 

30 only one, 22-1, of the fibers is normally used for traflBc. The second fiber 22-2 is 

normally used only to overcome faults. For purposes of the following description, the 
fiber 22-1 which is designated normally to carry the traffic is called the primary fiber. 
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The traflBc direction on the primary fiber 22-1 will sometimes be referred to hereinafter 
as clockwise, or West to East. The second fiber 22-2 is called the protection fiber. 
The traffic direction on the protection fiber 22-2 will sometimes be referred to 
hereinafter as counterclockwise, or East to West. As previously noted, under nonnal 
5 conditions, all DWDM channels Al, A2, . . . AN are transmitted on the primary fiber 
22-1. 

Both FLP and WLP can be augmented to withstand the failure of a 
DWDM transceiver 34 using the CCBC reliability strategy. In the implementation of 
this strategy, a single, specific channel AC is used as a CCBC 36 for any failed DWDM 

10 channel Al, A2, . . . AN. When a transceiver 34 for any one, AP, of the DWDM 
channels Al, A2, . . , AN in any of the nodes 24, 28 fails, the backup channel AC 
replaces this channel AP. All other nodes 24, 28 which access this wavelength AP 
replace it with the backup channel AC. The network control channel, used for 
management and fault reporting, is also carried by the same signal AC. Therefore the 

1 5 CCBC 36 is dropped and added at every node 24, 28. Several methods can be 

employed to muhiplex the control information carried by AC and the data to be carried 
by the backup channel when the backup channel is activated. One method, applicable 
when the data channels in the network use SONET/SDH fi-aming, is to have the 
control channel use the DCC bytes in the section overhead of the SONET/SDH signal. 

20 The optical subsystems 42, 48 have the capability to terminate and 

generate all the DWDM channels accessed by a node 24, 28 and to pass the remaining, 
channels. The optical subsystem 42, 48 incorporates multiplexing and demultiplexing 
functionality for the DWDM channels, as well as suitable receivers 60 and transmitters 
70. The optical subsystem 42, 48 also provides an optical interface to the control 

25 channel and permits the type 2 node to participate in network-wide protection and 
backup activation events. The control subsystem 44, 1 06 manages, configures and 
monitors the operation of the other subsystems, and handles all communications on the 
CCBC 36. 

Under FLP, a fault 120, for example, a fiber cut, or a transmission 
30 impairment which degrades the quality of any signal traversing the faulty segment, 
which renders a segment of the network 21' unusable, is handled by looping back all 
signals carried by the primary fiber 22-1 using the protection fiber 22-2. As illustrated 
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in Figs. 6 and 7, looping back all signals carried by the primary fiber 22-1 using the 
protection fiber 22-2 "closes" the disrupted network 21*. Each node 20 can be either a 
type 1 node 24 or a type 2 node 28. When any kind of fauh 120 (Fig. 7), for example, 
a fiber cut, occurs on the network 21', the affected nodes 20 loop away fi-om the fault 
5 1 20, using the protection fiber 22-2. 

FLP can be implemented in type 1 nodes 24 using, for example, the 
architecture illustrated in Figs. 8-10. Optical switches 124, 126 permit route switching 
for optical signals Xl, X2, . . . AN. A 2X2 optical switch 124, 126 has two optical 
inputs 128, 130 and two optical outputs 132, 134, The optical switches 124, 126 have 

10 two possible settings, one illustrated in Fig. 9 and the other illustrated in Fig. 10. The 
optical switches 124, 126 can be programmed electronically to alter their current 
setting. An OADM 26 removes the wavelength AP associated with the specific type 1 
node 24 under consideration from the combined incoming signal Xl, A2, . . . AN and 
provides the isolated wavelength AP to a receiver (Rx) fimcdon 60 within a transceiver 

15 34. The remaining wavelengths (Al, A2, . . . AN)-AP pass through the drop 

component 66 of OADM 26 unchanged, and are added back to the primary fiber 22-1 
by the add component 74 of OADM 26. The optical signal AP generated by the 
transmitter (Tx) fiinction 70 of the specific type 1 node 24 under consideration, 
assumed to be of the same wavelength AP as the wavelength AP isolated by the type 1 

20 node 24's Rx fiinction 60, is combined by the add component 74 of the OADM 26 
with all the remaining wavelengths (Al, A2, . . . AN)-AP. The exact nature of the 
OADM component 26 depends on the wavelength AP used for that channel. The 
transceiver fiinction 34 (comprising a DWDM receiver 60 and transmitter 70) provides 
the optical-to-electrical and electrical-to-optical conversions which interface the 

25 processing subsystem 40 to the optical subsystem 42. 

The optical switches 124, 126 permit the network 21' to effect normal 
routing in which the signal coming in on the primary fiber 22-1 fi-om the West goes 
through the OADM 26 and out Eastbound, Any signal AC on the protection fiber 22-2 
passes through the optical switches 124, 126 in an East- to-West direction unaffected. 

30 Normal routing is used by the node 24 being considered under normal conditions (no 
faults 120) as well as by all other nodes 24, 28 that are not adjacent to any existing 
faults 120. 
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The optical switches 124, 126 also permit the system to effect West 
loopback routing 150 (Fig. 7). In West loopback routmg 1 50, the signals coming in on 
the primary fiber 22-1 fi-om the West go through the OADM 26 and are looped back 
by the Eastern switch 126 into the protection fiber 22-2. Once routed to the 
5 protection fiber 22-2, the signals coming in on the primary fiber 22-1 from the West 
travel back West. The Eastern interface 130, 132 is practically disabled eastward from 
the node 24 at which switching has occurred. West loopback routing 150 is used to 
overcome a fault 120, such as a fiber cut or failed node. East adjacent the node 24 at 
which switching has occurred. 

10 The optical switches 124, 126 also permit the system to effect East 

loopback routing 152 (Fig. 7). In East loopback routing 152, the signals coming m on 
the protection fiber 22-2 fi-om the East go through the OADM 26 and are looped back 
by the Eastern switch 126 into the primary fiber 22-1 . Once routed to the primary 
fiber 22-1, the signals coming in on the protection fiber 22-2 from the East travel back 

15 East on primary fiber 22-1. The Western interface 128, 134 is practically disabled 
westward from the node 24 at which switching has occurred. East loopback routing 
1 52 is used to overcome a fault 120, such as a fiber cut or failed node. West adjacent 
the node 24 at which switching has occurred. 

FLP can be implemented in type 2 nodes 28 using, for example, the 

20 architecture illustrated in Fig. 1 1 . The fiinctions of the optical switches 124, 126 are 
identical. The optical signal entering the DWDM demultiplexer 84 is assumed to carry 
all the wavelengths Al, A2, . . . AN currently active in the network 21'. The optical 
demultiplexer 84 demultiplexes the combined wavelength signal into its constituent 
wavelengths Al, A2, . . . AN. Each of the wavelengths A 1, A2, . . . AM that is 

25 terminated at the specific type 2 node 28 under consideration then goes through a 
respective receiver 60-1, 60-2, . . . 60-M. The receivers 60-1, 60-2, . . . 60-M 
transform the optical signals Al, A2, . . . AM into electrical signals, which are then 
provided to the processing subsystem 46. Likewise the multiple electrical signals 
provided by the processing subsystem 46 are suppUed to their respective DWDM 

30 transmitters 70-1, 70-2, . . . 70-M, which convert the multiple electrical signals into 
optical signals, each at its own required wavelength Al, A2, . . . AM, These different 
wavelengths Al, A2, . . . AM are then combined into a single fiber by the optical 
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multiplex component 86. Some wavelengths (A 1, A2, . . . AN)-(Al, A2, . . . AM) 
may not be terminated at the specific type 2 node 28 under consideration. These 
untemiinated wavelengths (Al, A2, . . . AN).(Al, A2, . . . AM) will be optically 
bridged from the optical demultiplexer 84 to the optical multiplexer 86 and will not go 
5 through the transceiver 34. 

A network 21* using FLP as described above can withstand faults 120 
such as fiber cuts or other types of faults that render a segment of the fiber 22-1, 22-2 
unusable. Augmenting FLP with a CCBC architecture, as described above in 
connection with Figs. 4-5, can enhance the resihence of the network 21* by enabling it 

10 to withstand the failure of different optical modules, such as transceivers 34 or OADM 
components 66, 74, 84, 86. This enhanced resilience is achieved by having the CCBC 
36 replace any of the DWDM channels in use should they fail, again as described 
above in connection with Figs. 4-5. 

Incorporating CCBC into a type 1 node 24 can be achieved by 

1 5 replacing its optical subsystem 42 with the one described above in connection with Fig. 
4 for a type 1 node 24. In a similar manner, incorporating CCBC into a type 2 node 
can be achieved by replacing its optical subsystem 42 with the one described above in 
connection v^th Fig. 5. 

Unlike FLP, in which the whole fiber 22-1, 22-2 is looped away fi-om a 

20 fault 120, under WLP each wavelength Al, A2, . . . AN can be looped back at each 
node that accesses it, independently of the other wavelengths Al, A2, . . . AN. In 
other words, a type 1 node 24 can loop back only the wavelength Al, A2, . . . AN 
associated with it and a type 2 node 28 can loop back any of the wavelengths Al, A2, . 
. . AN which it terminates, and can loop back any of the wavelengths Al, A2, . . . AN 

25 which it terminates independently of its handling of any other wavelength Al, A2, . . . 
AN. When describing the behavior of the network 21' with respect to a specific 
wavelength AP, it is possible to describe the normal behavior of the network 21* with 
respect to AP, ignoring all nodes 24, 28 that do not access AP, Fig. 12 illustrates the 
transmission of AP under normal conditions. The symbol ▲ indicates an optical add 

30 operation 74, 86 and a transmitter 70, 70-1, 70-2, . . . 70-N. The symbol T indicates 
an optical drop operation 66, 84 and a receiver 60, 60-1, 60-2, . . . 60-N. Fig. 13 
illustrates how the network 21' illustrated in Fig. 12 responds when a fault 120, 
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indicated by the symbol X, renders one of the interconnecting segments of primary 
fiber 22-1 unusable for a wavelength AP. Again, it must be understood that this 
modified routing applies to a particular wavelength AP, but may not necessarily apply 
to other wavelengths (Xl, A2, . . . AN)-AP which may traverse the fault 120 at X 
5 unaflFected. 

It can be seen that the nodes 20 adjacent to the fault 120 have looped 
their XP transmissions away fi-om the fault 120. Nodes 20 capable of processing AP, 
but not adjacent the AP fault 120, illustrated in Fig. 13 as a single node 20 on each side 
of the fault 120 for simplicity, process the signal on its West-to-East traversal (the 

10 primary fiber 22-1) and pass AP unaffected. A AP fault 120 on any network 21* 

segment is handled in this manner. This explanation applies regardless of the number 
of nodes 20 that access AP. The following rules thus summarize the network 2r's 
response to a AP fauh 120 at any location X. Of the nodes 20 that access AP, the node 
20 closest to the fault 120 to the East of the fault 120 activates its East loopback 152 

15 for AP. The node 20 closest to the fault 120 to the West activates its West loopback 
1 50 for AP. All other nodes 20 remain in their normal configurations, processing AP 
on the primary fiber 22-1 and passing AP on the protection fiber 22-2. 

The fiinctionality required to support WLP in type 1 nodes 24 can be 
implemented using, for example, the optical subsystem 42 architecture illustrated in 

20 Fig. 14. The OADM demultiplexer component 66-1 removes the wavelength AP 
associated with the specific type 1 node 24 under consideration from the combined 
incoming signal Al, A2, . . . AN and provides the isolated wavelength AP to an Rx 
optical switch 124. The remaining wavelengths (Al, A2, . . . AN)-AP pass through the 
Rx optical switch 124 unaffected. Likewise the optical signal originating in the Tx 

25 optical switch 126, assumed to be of the same wavelength AP, is combined by the 
OADM 74-1 with all the remaining wavelengths (Al, A2, . . . AN)-AP which pass 
through the Tx optical switch 126 unaffected. The OADM components 66-1, 66-2, 
74-1, 74-2 selected depend on the wavelength AP used for that channel. The 
transceiver fijnction 34 (comprising a DWDM transmitter 70 and receiver 60) provides 

30 the optical-to-electrical and electrical-to-optical conversions which interface the 

processing subsystem 40 to the optical subsystem 42. The 2X2 optical switches 124, 
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126 illustratively are of the same type as those described above for the FLP 
implementation. 

The Tx 126 and Rx 124 optical switches permit the node 24 to effect 
normal routing when both svwtches 124, 126 are in the positions illustrated in Fig. 9. 
5 Under normal conditions (no fault 120) and in all nodes 24 that are not adjacent to a 
fault 120 if one exists, the XI? wavelength dropped by the OADM 66-1 on the primary 
fiber 22-1 is routed by the Rx optical switch 124 to the Rx function 60 within the 
transceiver 34. The AP optical signal generated by the Tx function 70 is routed by the 
Tx optical switch 126 to the Add function 74-1 within the OADM on the primary fiber 

10 22-1, and is combined by the OADM 66-1, 74-1 into the eastbound-outgoing signal 
Al, A2, . . . AN. If AP is present on the protection fiber 22-2, AP is routed 66-2, 124, 
126, 74-2 firom Westbound ingress to Westbound egress unaffected. 

To overcome, for example, a fiber cut or failed node directly to the East 
of the node 24 illustrated in Fig. 14, the Rx switch 124 is placed in the normal mode 

15 illustrated in Fig. 9, and the Tx switch 126 is placed in the crossed mode illustrated in 
Fig. 10. In this West loopback mode 150, the AP signal dropped by the OADM 66-1 
fi-om the primary fiber 22-1 (i.e. fi-om the West) is routed by the Rx switch 124 to the 
Rx function 60 of the transceiver 34. The signal generated by the Tx function 70 of 
the transceiver 34 is routed by the Tx switch 126 to the Add function 74-2 of the 

20 OADM 66-2, 74-2 on the protection fiber 22-2, and thus exits Westbound fi-om the 
illustrated node 24. The Eastbound interface of the node is practically disabled. 

To overcome, for example, a fiber cut or failed node directly to the 
West of the node 24 illustrated in Fig. 14, the Tx switch 126 is placed in the normal 
mode illustrated in Fig. 9, and the Rx switch 124 is placed in the crossed mode 

25 illustrated in Fig. 10. In this East loopback mode 152, the AP signal dropped by the 
Drop function 66-2 of the OADM 26-2 fi-om the protection fiber 22-2 (i.e., from the 
East) is routed by the Rx switch 124 to the Rx function 60 of the transceiver 34. The 
signal generated by the Tx function 70 of the transceiver 34 is routed by the Tx switch 
126 to the Add function 74-1 of the OADM 26-1 on the primary fiber 22-1, and thus 

30 exits Eastbound firom the illustrated node 24. The Westbound interface of the node 24 
is practically disabled. 
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All wavelengths Al, A2, . . . XN other than AP pass through the node 
24 unaflfected in both directions. Under normal conditions all wavelengths Al, A2, 
AN are dropped 66-1 and transmitted 74-1 on the primary fiber 22-1. In the presence 
of a fault 120 aflFecting one or more wavelengths AP, the two nodes 20 adjacent the 
5 fault 120 for each such wavelength AP can loop 150, 152 that wavelength AP away 
from the fault 120. As in the case of FLP, each node 20 transmits each wavelength Al, 
A2, . . . AN in only one direction, and consequently a single transceiver 34 per 
wavelength Al, A2, . . . AN need be provided for each node 20 accessing that 
particular wavelength A 1, A2, . . . AN. 

10 A possible architecture which supports WLP in type 2 nodes is 

illustrated in Fig. 15. As illustrated in Fig. 15, the optical signal Al, A2, . . . AN 
entering the DWDM demultiplexer 84-1, 84-2 on each of the fibers 22-1, 22-2 is 
assumed to be carrying some number of wavelengths, potentially all the wavelengths 
Al, A2, . . . AN active in the network 21'. An optical demultiplexer fiinction 84-1, 84- 

15 2 demultiplexes this combined signal mto its constituent wavelengths Al, A2, . . . AN. 
As Fig. 15 illustrates, for each wavelength A 1, A2, . . . AM terminated in this node 28, 
the version of the wavelength Al, A2, . . . AM derived fi-om the demultiplexer 84-1 on 
the primary fiber 22-1 and the version Al, A2, . . . AM derived from the demultiplexer 
84-2 on the protection fiber 22-2 are both coupled to an Rx switch 126 for possible 

20 application to the Rx/Tx block 60-1, 70-1, 60-2, 70-2, . . . 60-M, 70-M, associated 
with that wavelength A 1, A2, . . . AM. For each wavelength A 1, A2, , . . AM, the 
version of Al, A2, . . . AM generated by the Rx/Tx block 60-1, 70-1, 60-2, 70-2, 
60-M, 70-M, for that wavelength Al, A2, . . . AM, and the version of Al, A2, . . , 
AM passed directly from that wavelength's respective Rx switch 124 to that 

25 wavelength's respective Tx switch 126 are connected to the two optical multiplexer 
fiinctions 86-1, 86-2, one on each fiber 22-1, 22-2. Each multiplexer 86-1, 86-2 then 
combines all the different wavelengths Al, A2, . . . AN it receives into a single optical 
signal Al, A2, . . . AN. 

Some wavelengths (A 1, A2, . . . AN)-(Al, A2, . . . AM) may not be 

30 terminated in the illustrated node 28. These will be optically bridged from the optical 
demultiplexer 84-1, 84-2 to the optical multiplexer 86-1, 86-2 and will not go through 
a transceiver 34. 
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Each of the M RxTTx blocks 60-1, 70-1, 60-2, 70-2, . . . 60-M, 70-M 
and switches 124, 126 illustrated in Fig. 15 is identical to the respective component 
illustrated in Fig. 14 for the type 1 node 24. That is, each such transceiver block 
includes a transceiver 60-1, 70-1,60-2, 70-2, . . . 60-M, 70-M, and two optical 
5 switches 124, 126. The receiver 60-1, 60-2, . . . 60-M and transmitter 70-1, 70-2, 
70-M are specific to the wavelength Al, A2, . . . AM assigned to that receiver 60-1, 
60-2, . . 60-M and transmitter 70-1, 70-2, . . . 70.M. The functional description of 
the receiver 60-1, 60-2, . . . 60-M and transmitter 70-1, 70-2, . . . 70-M is also similar. 
That is, receiver 60-1, 60-2, . . . 60-M and transmitter 70-1, 70-2, . . . 70-M and their 
10 respective switches 124, 126 permit each wavelength A 1, A2, . . . AM either to run on 
the primary fiber 22-1 or to be looped back to the East or to the West. The 
implementation illustrated in Fig. 15 thus permits the type 2 node 28 to route each of 
the wavelengths A 1, A2, . . . AM independently of other wavelengths A 1, A2, . . . AM 
as required. 

15 WLP can also be augmented with CCBC. A network 21' which 

embodies WLP as described above can withstand faults 120 such as fiber cuts or other 
types of faults that render a segment of the fiber 22-1, 22-2 unusable for one or more 
wavelengths A 1, A2, . . . AN. Augmenting WLP v^th CCBC can enhance the 
resilience of the network 21' by enabling it to withstand the failure of different optical 

20 modules such as transceivers 34 or OADM components 66, 74, 84, 86. This enhanced 
resilience is achieved by having the CCBC 36 replace any of the DWDM channels Al, 
A2, . . . AN in use should any of the DWDM channels Al, A2, . . . AN fail. 

Incorporating CCBC into a type 1 node 24 entails changing the 
implementation of the node 24' s optical subsystem 42, for example, as described in 

25 connection with Fig. 16. The Rx/Tx block 60, 70, 124, 126 for the DWDM channel 
AP illustratively is the same as those discussed above. The CCBC 36 is treated in the 
same way as other channels (Al, A2, . . . AN)-AC. The CCBC 36 is also protected by 
the WLP mechanism and can be looped back at any node 24, 28 if necessary, 
independently of other wavelengths (Al, A2, . . . AN)-AC. It is thus handled by a 

30 Rx/Tx block 52, 76, 124, 126 similar to that used by the DWDM channel AP, with the 
Rx/Tx block 52, 76, 124, 126 suited to the wavelength AC bemg used by the CCBC 
36. The roles of the control subchannel multiplexer 72 and demultiplexer 54, as well 
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as those of the Rx 58 and Tx 64 selectors, are as discussed above. They permit the 
CCBC 36 wavelength AC to replace the corresponding DWDM channel wavelength 
XP in the event of a fault 120 such as, for example, the malfunctioning of the 
transmitter 70 in the Rx/Tx block 60, 70, 124, 126 for the DWDM channel AP. The 
5 CCBC 36 will replace this AP in all nodes that access AP. 

Incorporating CCBC into a type 2 node 28 entails modifying that node 
28's optical subsystem 48 as illustrated in Fig. 17. The Rx/Tx blocks 60-1, 70-1, 124, 
126, 60-2, 70-2, 124, 126, . 60-M, 70-M, 124, 126 are as described in connection 
with the descriptions of earlier embodiments. The CCBC 36 is treated in the same way 

10 as other channels Al, A2, . . . AN. That is, the CCBC 36 is protected by the FLP 

mechanism and can be looped back at any node 24, 28 if necessary, independently of 
other wavelengths Al, A2, . . . AN. It is thus handled by an RxA'x block 52, 76, 124, 
126 sunilar to those used by the DWDM channels Al, A2, . . . AN, with the receiver 
52 and transmitter 76 suited to the wavelength AC being used by the CCBC 36. 

1 5 The roles of the control subchannel multiplexer 72 and demultiplexer 

54, and those of the Rx 58 and Tx 64 selectors, are as discussed above. The control 
sub-channel multiplexer 72 and demultiplexer 54 permit the CCBC 36 to replace any 
of the DWDM channels Al, A2, . . . AN terminated at this node 28 in case of failure 
such as, for example, the malfunctioning of the transmitter 70-P in the Rx/Tx block 60- 

20 P, 70-P, 124, 126 for that DWDM channel AP. Again, it should be noted that the 
CCBC 36 will replace this wavelength AP in all nodes 20 which access it. 

To summarize the functional behavior of the optical subsystem 48 for 
the type 2 node 28, the CCBC 36 is dropped 50. The control subchannel 56 is isolated 
54 and passed to the control subsystem 106. The incoming DWDM chaxmels Al, A2, 

25 ... AM terminated at this node 28 are dropped 84-1, 84-2 and passed 124, 60-1, 124, 
60-2, . . . 124, 60-M, 58 to the processing subsystem 46. If the CCBC 36 has been 
activated to replace one of the DWDM channels Al, A2, . . . AM associated with the 
type 2 node under consideration, the data component of the CCBC 36 is passed 124, 
52, 54, 58 to the processing subsystem 46 instead of one of the DWDM channels Al, 

30 A2, . . . AM. 

When the optical subsystem 48 is in the normal state, the data signals 
provided by the processing subsystem 46 are transmitted on the DWDM channels A 1 , 
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A2, . . . AM, which are multiplexed into a combined DWDM signal Xl, A2, . . . AN. 
The data component of the CCBC 36 is passed 54, 58, 64 through the system 
transparently and is multiplexed 72 with the control signal 56 generated by the control 
subsystem 106. The combined signal is transmitted on the CCBC 36. This permits the 
5 CCBC 36 to replace wavelengths (Al, A2, . . . AN)-(Al, A2, . . . AM) other than the 
ones Al, A2, . . . AM associated with the type 2 node 28 under consideration. 

When the type 2 node 28 under consideration is in the backup state, 
one of the data signals provided by the processing subsystem 46 is multiplexed 64, 72 
with the control signal 56 generated by the control subsystem 106, and the combined 

10 72 signal is transmitted 76, 126, 78 on the CCBC 36. Other data signals follow their 
normal paths. It is assumed that all nodes 20 which would otherwise receive the failed 
wavelength will be in their backup states with respect to the failed wavelength. Once a 
node 20 is notified through the CCBC 36 that one of the DWDM channels Al, A2, . . . 
AN it terminates should be transitioned to the CCBC 36, it puts both its Rx selector 58 

15 and its Tx selector 64 in the backup state. 

OADMs 26 can be implemented using, for example, E-TEK model 
ADOM20003 13 10 OADMs. Transceivers 34 can be implemented using, for example, 
Hewlett-Packard model RGR-2622 receivers and model HFCT-IOXX transmitters. 
DWDM demultiplexers 84 and DWDM multiplexers 86 can be implemented using, for 

20 example, E-TEK model DWDM2F08223 10 demultiplexers and model 

DWDM2F0821310 multiplexers. Switches 124, 126 can be implemented using, for 
example, Vitesse model VSC830 2X2 switches. Rx and Tx selectors 58, 64, 
respectively, can be implemented using, for example, Vitesse model VSC880 nXn 
switches. 
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Claims 



1. In combination, a closed loop optical fiber for carrying 
information modulated on at least two optical carriers, a first one of the earners having 

5 a first wavelength and a second one of the carriers having a second wavelength, at 
least two nodes at a first one of which first information modulated on the first carrier 
and second information modulated on the second carrier is to be recovered and 
transmitted, the first node comprising a first demultiplexer for demultiplexing the first 
carrier fi-om the fiber, a second demultiplexer for demultiplexing the second carrier 

1 0 fi-om the fiber, a first multiplexer for multiplexing the first carrier on the fiber, a second 
multiplexer for muhiplexing the second carrier on the fiber, and apparatus for receiving 
and transmitting first and second information, the apparatus for receiving and 
transmitting first and second information consisting essentially of a first receiver for 
demodulating first information and a first transmitter for modulating first information 

1 5 on the first carrier before the first carrier is placed on the fiber by the first multiplexer, 
a second receiver for demodulating second information and a second transmitter for 
modulating second information on the second carrier before the second carrier is 
placed on the fiber by the second multiplexer. 

2. The apparatus of claim 1 fiirther comprising first and second 
20 switches, each of the first and second switches having first and second input ports and 

first and second output ports, each of the first and second switches having first and 
second states, the first state of each of the first and second switches coupling the 
respective first and second switch's first input port to its first output port and its 
second input port to its second output port, the second state of each of the first and 

25 second switches coupling the respective first and second switch's first input port to its 
second output port and its second input port to its first output port, the first receiver 
coupled to the first input port of the first switch, the second receiver coupled to the 
second input port of the first switch, the second output port of the first switch being 
coupled to the second input port of the second switch, the first output port of the 

30 second switch being coupled to the first transmitter, the second output port of the 
second switch being coupled to the second transmitter, the node controlUng the first 
and second switches so that when the first carrier is not capable of transmitting first 
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information over the fiber, the first information is modulated on the second carrier for 
transmission over the fiber. 

3. The apparatus of claim 2 further comprising a third optical 
carrier having a third wavelength, the first demultiplexer also removing the third carrier 

5 firom the fiber, the first multiplexer also placing the third carrier on the fiber, and 

apparatus for receiving and transmitting third information, the apparatus for receiving 
and transmitting third information consisting essentially of a third receiver for 
demodulating third information fi-om the third carrier and a third transmitter for 
modulating third information on the third carrier before the third carrier is placed on 
1 0 the fiber by the first multiplexer, the fiber coupling the third carrier to the first 
demultiplexer and the first multiplexer coupUng the third carrier to the fiber. 

4. The apparatus of claim 3 wherein each of the first and second 
switches has first, second and third input ports and first, second and third output ports, 
each of the first and second swatches having first, second, third and fourth states, the 

15 first state of each of the first and second switches coupUng its first input port to its first 
output port, its second input port to its second output port, and its third input port to 
its third output port, the second state of each of the first and second svsdtches coupling 
its first input port to its second output port, its second input port to its first output port 
and its third mput port to its third output port, the third state of each of the first and 

20 second switches coupling its first input port to its first output port, its second input 
port to its third output port, and its third input port to its second output port, and the 
fourth state of each of the first and second switches coupling its first input port to its 
third output port, its third input port to its first output port, and its second input port 
to its second output port, the first receiver being coupled to the first input port of the 

25 first switch, the second receiver being coupled to the second input port of the first 
switch and the third receiver being coupled to the third input port of the first switch, 
the third output port of the first switch being coupled to the third input port of the 
second switch, the node controlling the first and second switches so that when one of 
the first and third carriers is not capable of transmitting a respective one of first and 

30 third information over the fiber, the respective one of first and third information is 
modulated on the second carrier for transmission over the fiber. 
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5. The apparatus of claim 4 further comprising a fourth optical 
carrier having a fourth wavelength, the fiber coupling the fourth optical carrier through 
at least one of the first and second demultiplexers and through at least one of the first 
and second multiplexers so that the fourth optical carrier passes through the first node 

5 unaffected. 

6. The apparatus of claim 5 wherein the fiber couples the fourth 
optical carrier through the first and second demultiplexers and through the first and 
second multiplexers. 

7. The apparatus of claim 1 fiarther comprising a third optical 

1 0 carrier having a third wavelength, the fiber coupling the third optical carrier through at 
least one of the first and second demultiplexers and through at least one of the first and 
second multiplexers so that the third optical carrier passes through the first node 
unaffected. 

8. The apparatus of claim 7 wherein the fiber couples the third 

1 5 optical carrier through both of the first and second demultiplexers and through both of 
the first and second multiplexers so that the third optical carrier passes through the 
first node unaffected. 

9. In combination, first and second loops of optical fiber for 

carrying information modulated on a first optical carrier, the first carrier having a first * 
20 wavelength, at least two nodes at a first one of which first information modulated on 
the first carrier is to be received and transmitted, the first node comprising a first 
demultiplexer for demultiplexing the first carrier from the first fiber, a first multiplexer 
for multiplexing the first carrier on the first fiber, and apparatus coupled to the first 
demultiplexer for receiving, and to the first multiplexer for transmitting, first 
25 information, first and second switches, each of the first and second switches having 
first and second input ports and first and second output ports, each of the first and 
second switches having first and second states, the first state of each of the first and 
second switches coupUng the respective switch's first input port to its first output port 
and its second input port to its second output port, the second state of each of the first 
30 and second switches coupling the respective SAvitch's first input port to its second 
output port and its second input port to its first output port, the first optical fiber 
coupled to the first input port of the first switch and to the first output port of the 
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second switch, the second optical fiber coupled to the second input port of the first 
switch and to the second output port of the second switch, the first output port of the 
first switch coupled to the first demultiplexer, the first multiplexer coupled to the first 
input port of the second switch, and the second output port of the first switch coupled 
5 to the second input port of the second switch. 

10. The apparatus of claim 9 fiirther comprising a second optical 
carrier transmitted along the second optical fiber in a second direction opposite to the 
first direction, the second carrier having a second wavelength AC. 

1 1 . The apparatus of claim 10 fiirther comprising a third optical 

10 earner, second information modulated on the third carrier, the third carrier transmitted 
along the first optical fiber in the first direction, 

12. The apparatus of claim 1 1 wherein the first demultiplexer 
demultiplexes the third carrier from the first fiber, the first multiplexer multiplexes the 
third carrier on the first fiber, and fiirther comprising apparatus coupled to the first 

1 5 demultiplexer for receiving, and to the first multiplexer for transmitting, second 
information. 

13. The apparatus of claim 9 wherein the first node controls the first 
and second switches so that when one of the first and second optical carriers is 
incapable of being transmitted along its respective fiber in its respective direction, one 

20 of the first and second switches is switched fi-om its first state to its second state so 
that the respective optical carrier is transmitted in the opposite direction on the other 
of the first and second fibers. 

14. The apparatus of claim 9 fiirther comprising a second optical 
carrier, second information modulated on the second carrier, the second carrier 

25 transmitted along the first optical fiber in the first direction. 

15. The apparatus of claim 14 wherein the first demultiplexer 
demultiplexes the second carrier firom the first fiber, the first multiplexer multiplexes 
the second carrier on the first fiber, and fiirther comprising apparatus coupled to the 
first demultiplexer for receiving, and to the first multiplexer for transmitting, second 

30 information. 

16. In combination, first and second closed loop optical fibers for 
carrying information modulated on a first optical carrier, the first carrier having a first 
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wavelength, at least two nodes at a first one of which first information modulated on 
the first carrier is to be received and transmitted, the first node comprising a first 
demultiplexer for demultiplexing the first carrier from the first fiber, a first multiplexer 
for multiplexing the first carrier on the first fiber, a second demultiplexer for 
5 demultiplexing the first carrier from the second fiber, a second multiplexer for 

multiplexing the first carrier on the second fiber, first apparatus coupled to the first 
demultiplexer for receiving, and to the first multiplexer for transmitting, first 
information, first and second switches, each of the first and second switches having 
first and second mput ports and first and second output ports, each of the first and 

1 0 second switches having first and second states, the first state of each of the first and 
second switches coupling the respective switch's first input port to its first output port 
and its second input port to its second output port, the second state of each of the first 
and second switches coupling the respective switch's first input port to its second 
output port and its second input port to its first output port, the first optical fiber 

1 5 coupled to the first demultiplexer, the first demultiplexer coupled to the first input port 
of the first switch, the second demultiplexer coupled to the second input port of the 
first switch, the first output port of the first switch coupled to the first receiving 
apparatus, the first transmitting apparatus coupled to the first input port of the second 
switch, the second output port of the first switch coupled to the second input port of 

20 the second switch, the first output port of the second switch coupled to the first 

multiplexer, and the second output port of the second switch coupled to the second 
multiplexer. 

17. The apparatus of claim 16 wherein the first node controls the 
first and second switches so that when the first optical carrier is incapable of being 

25 transmitted along the first fiber in the first direction, one of the first and second 
switches is switched from its first state to its second state so that the first optical 
carrier is transmitted in the second direction on the second fiber. 

18. The apparatus of claim 16 fijrther comprising a second optical 
carrier, second information modulated on the second carrier, the second carrier 

30 transmitted along the first optical fiber in the first direction. 

19. The apparatus of claim 18 wherein the first and second 
demultiplexers are each capable of demultiplexing the first carrier and the second 
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carrier, and further comprising second apparatus for receiving and transmitting the 
second carrier, the second apparatus coupled to the first and second demultiplexers for 
receiving, and to the first and second multiplexers for transmitting, the second 
information. 

5 20. The apparatus of claim 19 and fiirther comprising third and 

fourth switches, each of the third and fourth switches having first and second input 
ports and first and second output ports, each of the third and fourth switches having 
first and second states, the first state of each of the third and fourth switches coupling 
the respective switch's first input port to its first output port and its second input port 

10 to its second output port, the second state of each of the third and fourth switches 
coupling the respective switch's first input port to its second output port and its 
second input port to its first output port, the first optical fiber coupled to the first 
demultiplexer, the first demultiplexer coupled to the first input port of the third switch, 
the second demultiplexer coupled to the second input port of the third switch, the first 

15 output port of the third switch coupled to the second receiving apparatus, the second 
transmitting apparatus coupled to the first input port of the fourth switch, the second 
output port of the third switch coupled to the second input port of the fourth switch, 
the first output port of the fourth switch coupled to the first multiplexer, and the 
second output port of the fourth switch coupled to the second multiplexer. 

20 21. The apparatus of claim 20 wherein the first node controls the 

third and fourth switches so that when the second optical carrier is incapable of being 
transmitted along the first fiber in the first direction, one of the third and fourth 
switches is switched from its first state to its second state so that the second optical 
carrier is transmitted in the second direction on the second fiber. 

25 22. The apparatus of clziim 16 fijrther comprising a second optical 

carrier transmitted along the second optical fiber in a second direction opposite to the 
first direction, the second carrier having a second wavelength AC. 
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